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Objective. Warm vertical compaction of gutta-percha is a technique that is used by most

specialists for root canal obturation. The sealers currently available exhibit irriversible

chemical changes when heated. New biologically active sealers that do not sustain irre-

versible changes when heated are an attractive alternative to be used with warm vertical

compaction obturation technique. The aim of this study was to measure the heat generated

by  warm vertical compactors inside the root canal, characterize a newly developed root

canal sealer at different temperatures and verify its suitability at the actual temperature

window used clinically.

Methods. The typical temperatures generated by two heat carriers in a root canal were

assessed by thermocouples. Two premixed root canal sealers TotalFill BC and HiFlow BC

(FKG,  Switzerland) were allowed to set and they were characterized by scanning electron

microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray diffraction analysis (XRD)

immediately after setting and by XRD after 28 days in physiological solution. The ion leach-

ing  in solution was assessed by inductively coupled plasma (ICP). The organic component

was  extracted in acetone and assessed by Fourier transform infrared spectroscopy (FT-IR)

for both the unset sealer and sealer subjected to different temperatures. The heat profiles

of  both sealers were investigated by FT-IR and thermographic analysis.

Results. None of the devices tested achieved the temperatures set on the dial. The highest

temperatures were coronal followed by apical for both devices. The sealers were identical

except for the vehicle. The inorganic components included tricalcium silicate, dicalcium

silicate and zirconium oxide. No calcium hydroxide was produced by any of the sealers after

immersion in physiological solution but calcium was released in solution. The chemistry of

both  sealers was modified when heated but both recovered when cooled.

Significance. The heat carriers were unreliable and the heat generated inside the canal was

not  the same as the temperature set on the dial. Since both sealers had identical chemistry
save for minimal modifications to the organic component and were both resistant to heat,

TotalFill BC sealer is recommended for use with warm vertical compaction technique as it

ectiv
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1.  Introduction

The warm vertical compaction of gutta-percha is a very pop-
ular obturation technique where the gutta-percha is heated
until it changes phase and softens, then it is compacted ver-
tically to take the shape of the prepared root canal [1]. With
this technique the obturation is composed mostly of gutta-
percha with minimal amounts of sealer. There is no specific
sealer that is suggested for use with this technique so all sealer
types are believed to be suitable.

The temperature of phase changes to gutta-percha have
been reported to be 60 ◦C to convert from the � form to com-
pletely amorphous [2,3]. Regardless of this, all the heat carriers
indicate the use of temperature settings ranging from 180 to
230 ◦C. There seems to be no scientific reason for the use of
such temperatures which are unsafe. Increases in tempera-
ture of bone has been shown to lead to necrosis as the bone
can only tolerate an increase by few degrees [4]. Regardless of
the reading on the dial, the temperature of the heat carriers is
less [5,6] and the temperature is further dissipated when the
heat carrier is placed in a tooth [6,7] and sealer is used in the
root canal [6]. As a result of this, the temperature rise on the
external surface of the root is minimal [5,6,8].

A rise in temperature in the root canal has deleteri-
ous effects on the root canal sealers particularly the epoxy
resin-based sealers such as AH Plus (Dentsply). At higher
temperatures the AH Plus showed irreversible changes in
chemistry [5,6,9,10] and its physical properties were modified
with a reduction in the setting time and flow and increase
in film thickness [5,6,10–12]. Zinc oxide eugenol-based sealers
sustained an increase in setting time when exposed to heat
but the flow was unaffected [11] while BioRoot RCS showed
changes in its chemistry due to the water evaporation at high
temperature [8,10] and iRoot SP had reduced flow [11]. Heating
of AH Plus also resulted in an increase in void volume while
BioRoot RCS and Gutta-flow were unaffected [12].

Recently a new hydraulic calcium silicate-based sealer
which can be used with warm vertical compaction of gutta-
percha has been developed. This sealer is claimed to have a
similar chemistry to the premixed hydraulic sealers (BC seal-
ers) manufactured by Brasseler/FKG Dentaire but is resistant
to heat thus is recommended for use with warm vertical com-
paction obturation technique. The aim of this research was
to determine the temperature generated by two heat carriers
inside the root canal in a simulated clinical environment and
to characterize both the classical BC sealer and the HiFlow
and assess their heat profiles and chemical changes when
subjected to high temperatures.

2.  Materials  and  methods

In this study two premixed hydraulic calcium silicate seal-
ers are tested. These included TotalFill and HiFlow BC

sealers. Both sealers are manufactured by FKG Dentaire
(Chaux-de-Fonds, Switzerland). The HiFlow was developed
as an alternative to the BC sealer to be used together with
gutta-percha for warm vertical compaction of gutta-percha
 ( 2 0 2 0 ) 1183–1189

obturation technique. All analysis was undertaken in tripli-
cate.

2.1.  Assessment  of  heat  profiles  of  the  endodontic  heat
carriers

The heat profiles of two heat carriers used in clincial practice
was assessed using a method described in the literature [7].
A single rooted tooth was accessed and chemo-mechanically
prepared with ProTaper Gold to a size F2 using sodium
hypochlorite irrigation. Three holes 0.8 mm in diameter were
drilled along the root face, 2 mm,  8 mm and 12 mm from the
apex. K-type thermocouples (0.3 mm diameter, Maplins, UK)
were inserted into the root canal through these holes and
were held in place by unfilled resin. The thermocouples were
connected to a multi-channel data logger (PicoData Logger,
TC-08, UK). The whole assembly was placed in alginate to
simulate the clinical environment. Temperature was recorded
in real-time at a rate of 1 s−1 for 30 s using the PicoData log-
ging software. The heat profiles generated by each device were
composed of a 10 s pre-heating phase, 4-s heating phase fol-
lowed by a 10-s cooling phase. Two endodontic heat carriers
were tested; E&Q Master (Meta Biomed, Chalfont, PA, USA) and
System-B (Orange, CA, USA) both using a fine tip inserted 3 mm
short of the apex. The E&Q Master was operated at 180 ◦C and
230 ◦C with automatic cut-out after 4 s. System-B was set at
200 ◦C and a heating cycle of 4 s heating and 10 s cooling was
recorded. Each cycle was repeated three times for each heat
carrier and set temperature to check for repeatability and the
data expressed as mean and standard deviation to the mean.

2.2.  Sealer  characterization

The organic component of the sealers was extracted in ace-
tone by centrifugation from the unset sealer and analysed by
Fourier transform infrared (FT-IR) spectroscopy. The set seal-
ers were characterized by scanning electron microscopy, and
X-ray diffraction (XRD) analysis immediately after setting and
by XRD after 28 days immersed in Hank’s balanced salt solu-
tion (HBSS) at 37 ◦C. The leachate was tested by inductively
coupled plasma mass spectroscopy (ICP-OES). All experiments
were carried out in triplicate.

The sealers were syringed and specimens 10 mm in diam-
eter and 2 mm thick were made. The specimens were covered
by a wet gauze and were placed in an incubator at 37 ◦C and
100% humidity for 24 h. Setting was verified by indenting the
specimen surfaces. One group were tested immediately after
setting and the rest were placed in 5 mL of HBSS for 28 days.

For scanning electron microscopy, the specimens were
embedded in a cold cure epoxy resin (Epoxy-fix, Struers,
Ballerup, Denmark) and the surfaces were polished with an
automatic polishing machine (Buhler, Lake Buff, USA) using
250, 500 and 1200 grit diamond discs under water coolant
(Struers, Ballerup, Denmark) and polishing cloths (Struers)
with ascending grades of diamond-impregnated polishing
pastes (Struers). Once polished the embedded specimens were

mounted on aluminum stubs and held in place with carbon
tape and were sputter coated with gold. The specimens were
then viewed under the SEM (Zeiss). The sealers were assessed
in back scatter mode to obtain elemental contrast. Images

https://doi.org/10.1016/j.dental.2020.05.008
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Table 2 – Leachate analysis for both sealers showing the
concentration of ions leached in solution after 28-day
exposure to Hank’s balanced salt solution.

Sealer Ion concentration (ppm)

Ca Zr Si P

BC Sealer 867.87 BDL 2.64 −0.22
d e n t a l m a t e r i a l s 3

t different magnifications were obtained. Energy dispersive
pectroscopy was performed to assess the elemental distribu-
ion.

For the XRD the aged specimens were retrieved from solu-
ion and dried in desiccator. For both ages, the sealers were
hen ground using a mortar and pestle to a fine powder. XRD
as performed with a diffractometer (Bruker D8 Advance,
ruker Corp., Billerica, MA,  USA) with a CuKa radiation at
0 mA and 45 kV was set to rotate between 10◦ and 60◦ with a
.02◦ 2� step and a step time of 0.6 s. Phase identification was
ndertaken using a search-match software using the ICDD
atabase (International Center for Diffraction Data, Newtown
quare, PA, USA). The leachates were assessed for calcium,
ilicon, zirconium and phosphorus with inductively coupled
lasma-optical emission spectrometry (Optima 8000, Perkin
lmer, Waltham, USA). Calculation of results was performed
n parts per million (ppm).

.3.  Investigation  of  the  chemical  changes  in  the
ealers

he sealers were dispensed on a heated diamond plate (MIR-
cle) attached to a control module (Pike Technologies, USA).
he chemical changes to the sealers exposed to a heating and
ooling cycle were assessed by FT-IR in ATR mode as described
or the sealer characterization. A baseline measurement was
aken immediately after sample placement at room tempera-
ure (21 ± 1 ◦C) and then the heating module was activated to
eat the samples at a rate of 12.5 ◦C/min. Measurements were
aken from 25 ◦C to either 50, 100 or 200 ◦C at increments of
5 ◦C and then air-cooled to 25 ◦C and re-measured. All spec-
ra were baseline corrected between 650 and 4000 cm−1 and
n average (n = 3) was taken. The testing assembly was kept at
igh relative humidity.

Changes in weight sustained at different temperatures
ere recorded by thermogravimetric analysis/differential

canning calorimetry, (TGA/DSC; Mettler-Toledo, Beaumont
eys, Leicester, UK). Twenty milligram of set sealers were
ested at a temperature range of 50–200 ◦C at a heating rate of
0 ◦C min−1 and O2 flow rate of 40 mL  min−1. The experiment
as repeated three times to ensure repeatability.

The organic component was also extracted after setting at
oom temperature and after subjecting the sealers to tem-
eratures of 50, 100 and 200 ◦C and this was tested by FT-IR

n = 3).

.4.  Statistical  analysis
he statistical analysis was performed using Predictive Ana-
ytics Software (PASW) version 18. One-way ANOVA was

Table 1 – Temperatures recorded at different levels in the
root canal with the various devices and settings.

Device Temperature (◦C)

Coronal Mid-root Apical

E&Q Master 180 65.3 ± 0.7 43.1 ± 0.2 46.2 ± 0.3
E&Q Master 230 71.0 ± 0.4 45.02 ± 0.3 49.1 ± 0.4
System B 200 59.4 ± 0.9 42.2 ± 0.5 45.4 ± 0.7
HiFlow 876.95 BDL BDL −0.39

BDL: below detection limits.

used to determine whether there were significant differences
between data sets. The data was tested to ensure it was nor-
mally distributed and then with analysis of variance with
P = 0.05 the turkey post hoc test was used.

3.  Results

3.1.  Assessment  of  heat  profiles  of  endodontic  heat
carriers

The heat generated by the endodontic heat carriers is shown
in Table 1. The higher setting of the E & Q Master heat carrier
led to a higher temperature mostly coronally with minimal
changes mid-root and apically. None of the heating devices
achieved the temperature set on the dial. All devices exhibited
the highest temperature at the coronal portion followed by the
apical region with the mid-root exhibiting the lowest temper-
ature. The highest temperature was recorded coronally for the
E&Q Master set at 230 ◦C.

3.2.  Sealer  characterization

The FT-IR scans showing the extraction of the organic com-
ponent for both sealers is shown in Fig. 1a. The organic
component for the sealers was different as it had a different
FT-IR signature. The scanning electron micrographs and EDS
plots for or both sealers are shown in Fig. 1b. Both sealers had a
similar morphology consisting of a composite microstructure
with particles of various sizes and opacity. Both materials were
composed of calcium, silicon, zirconium and oxygen.

The XRD scans immediately after setting and after 28-day
immersion in HBSS are shown in Fig. 1c, and leachate anal-
ysis in Table 2. These were identical for both material types.
The XRD plots showed predominant peaks of zirconia (ICDD
00-065-0687), tricalcium and dicalcium silicate (ICDD 00-001-
1024, 01-070-2450). The leachate analysis (Table 2) showed
calcium ion release for both materials with depletion in phos-
phorus amounts which can account for the taking up of the
phosphorus by the materials from the HBSS. The zirconium
was below detection limits and low levels of silicon were
released.

3.3.  Investigation  of  the  chemical  changes  in  the
sealers
The thermal profiles of the materials while heating to either
50, 100 or 200 ◦C and cooling are shown in Fig. 2a. The seal-
ers had a different FT-IR signature indicating a difference in
chemistry even at room temperature. Both sealers sustained

https://doi.org/10.1016/j.dental.2020.05.008
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Fig. 1 – (a) FT-IR scan of the organic component extracted from both sealers using acetone and centrifugation. (b) Back scatter
scanning electron micrographs and EDS scans of (A) TotalFill BC sealer and (B) HiFlow BC sealer showing microstructure and
elemental composition. (c) XRD plots of both sealers immediately after setting and after 28 days immersed in HBSS showing
the similar phases present in the materials [DCS: dicalcium silicate; TCS: tricalcium silicate; Z: zirconium oxide].

https://doi.org/10.1016/j.dental.2020.05.008
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Fig. 2 – (a) FT-IR plots of both sealers exposed to different temperatures showing the chemical changes sustained during
heating and cooling. (b) Mass loss (black line) and heat flow (red line) of both sealers calculated by thermographic analysis.
(c) FT-IR plots of the organic component of both sealers extracted in acetone after the sealer set at room temperature and
after being subjected to different temperatures.
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hanges in the region of 2200 cm−1 which were enhanced
he higher the temperature. For both sealers these and the
hanges at 2000 cm−1 for the TotalFill BC and at 1800 cm−1 for
he HiFlow were reversible.

The TGA data is shown in Fig. 2b. Both sealers showed a
ass loss when heated. The mass loss increased with increas-

ng temperatures. Extraction of organic component from set
ealers after mixing at room temperature and after being sub-

ected to high temperatures is shown in Fig. 2c. The peaks
orrespond mainly to the acetone so not much of the vehicle
ould be extracted after setting and heating.
4.  Discussion

The current study investigates two sealer types manufactured
by the same company. The TotalFill BC sealer has been char-
acterized previously [13]. HiFlow BC sealer has been launched
recently and there is very limited information available for
this sealer. All the information regarding its composition is
available on the company safety data sheet [14] and the safety

data sheet provided is the same for both sealers. The manu-
facturer recommends the HiFlow for use with warm vertical
compaction obturation technique while the Totalfill BC sealer

https://doi.org/10.1016/j.dental.2020.05.008
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for single cone obturation technique [15]. The effectiveness of
the single cone obturation technique with premixed hydraulic
sealers has been verified clinically [16] and a recent survey of
clinicians has also endorsed the popularity of this technique
[17].

Since HiFlow had not been previously characterized, a full
characterization using standard methods such as scanning
electron microscopy, energy dispersive spectroscopy and X-
ray diffraction analysis was undertaken in conjunction with
leachate analysis and extraction of the organic component
and analysis. This enabled the identification of the inorganic
phases which were shown to be similar to those of Totalfill BC
sealer as both sealers were composed mainly of tricalcium sil-
icate and zirconium oxide. [13]. The chemistry of the organic
component was not listed on the safety data sheet [14]. The
extraction and analysis of the organic components showed
a clear difference in the chemistry between the sealers. The
sealer chemical similarity has been confirmed in a recent pub-
lication [18] which included their identical biological behavior.
The only difference was the flow and radiopacity [11,18].

The analysis undertaken showed the material composition
rather than the surface chemistry in contact with physiolog-
ical solution. Apatite nucleation over the materials was not
assessed as this phenomenon was shown to be present only
in vitro and cannot be translated clinically [19]. All ex vivo
analysis has shown the formation of calcium carbonate when
hydraulic cements interacted with a clinical environment [20]
and even in animal models [21]. A plausible scientific expla-
nation has been reported [22] and the formation of calcium
carbonate in vivo has also been recognized for bioglass which
is also a bioactive material [23].

In the current research, no calcium hydroxide was observed
on setting but calcium ions were released in solution. The
lack of formation of calcium hydroxide indicates the slower
hydration of this sealer in the early ages which is due to the
time required for the organic component to be replaced with
reaction by product from the hydration of the tricalcium sili-
cate with water taken up from the surroundings. The limited
hydration can be problematic as the calcium ion release by
hydraulic cements has been linked to the antimicrobial prop-
erties [24]. The use of antimicrobial agents for irrigation has
been shown to help with reduction in the microbial load on
root canal obturating materials [25]. The biological assessment
of both sealers also indicated an initial decreased cell viabil-
ity which can be correlated to the release of calcium hydroxide
which is lower than that of other similar sealer types [13] indi-
cating the limitation of the alternative vehicle in allowing the
release of calcium and its crystallization when compared to
water-based hydraulic sealers [13].

The heat carriers exhibited a different heat output to the
setting on the dial. This has been reported previously [5,6,8,26]
and is a cause of concern since the temperature cannot be
controlled. In accordance with previous research, the highest
temperatures were generated at the coronal aspect of the root
canal [5] and the temperatures of the heat carriers recorded
inside the root canal ranged from 45 to 70 ◦C [7].
Based on the temperatures recorded inside the root canal,
both sealers were subjected to heat starting at 50 ◦C which was
the temperature recorded in the apical portion where most of
the sealer is located during warm vertical compaction of gutta-
 ( 2 0 2 0 ) 1183–1189

percha. The evaluations at 100 ◦C were undertaken to be able
to compare to previous studies on sealers [5,6,9–12] and the
200 ◦C was assessed since the heat carriers were set at this
temperature. The temperature applied in the current study
was  transient to avoid lengthy heat applications which are
not clinically valid and also because the frequency and time
of heat application effect the sealer chemistry [9]. Both sealers
sustained some changes when exposed to heat that intensi-
fied with higher temperatures but all changes were reversible
indicating that both sealers can be heated even to 200 ◦C. The
Totalfill BC sealer had already been assessed at high tempera-
tures and it showed a similar heat resistance to the current
study [26]. The mass loss with increased temperature was
minimal and would be stabilized in the long term by the fluid
imbibitions in the root canal as the hydraulic sealers inter-
act with the dentin and dentinal fluids in the long term. The
unavailability of the organic component to extraction when
the sealer had set indicates the setting and the replacement
of the organic component with reaction by-product as a result
of the hydration initiated by the surrounding liquids.

5.  Conclusions

The heat carriers were unreliable and the heat generated
inside the canal was not the same as the temperature set on
the dial. Both sealers were resistant to heat and had identical
chemistries except for modifications to the organic compo-
nent. TotalFill BC sealer is recommended for use with warm
vertical compaction technique as it is cheaper and as effective.
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